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Parton Distribution Function

/Defined on the lightcone coordinate el

a(@, 1) = / B ~ieP & (Pl U (6, 0)(0)] P)
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where p w pand
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U™,0) = Pexp(—igf dn_A+(n_)>
0
D A ot )forew T
(ot ) has intrinsic reatime dependence, inaccessible on the lattice.

/Only moments can be calculated on the latticed]1
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QuasiPDF

/Defined by an equéime correlator [1]

> dz
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where b w H,3 [ orf [2], and
Z
U(z,0) = Pexp (—z’g/ dz’Az(z’))
0
A has the same IR but different UV physics comparing withfPDF

AThe UV difference is controllable and calculable
O factorization theorem



Large Momentum ELAMET

/Relating parton physics observables to edfirake correlators in a large
momentum nucleon state (quasbservables).

/PDFD © Hb, then¥ © Hb
/QuasiPDFx © Hs, thend © Hb

AThe two limits do not commute.
AThe factorization theorem in RI/MOM schemeT]L
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Lattice Calculation [1]

A attice spacd 186 fm

Boxsiza Y w@d cBED

Jis} op MeV @ 0 18)

AThe nucleon momenturd  {p&ktd &} GeV

fclover valence fermions, gauge configurations with ¢ p p
flavors of highly improved staggered quarks (HISQ) [2] generated by
MILC Collaboration [3]

Ahe gauge links are hypercubic (H¥Rjeared [4]
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Operator Mixing

AThe quasPDF operator might mix with the scalar operater ( p) for
some choice o8 [1-4].

ATo avoid operator mixing, we choose [ which is free from such
mixing at" ©

> dz
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AThe nonlocal operator mixing pattern is classified in [5].
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Bare M.E.
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/The bare matrix element

1

iL(Z?PZ?a’_l) — 2P0<

P|O4:(2)|P)

Or(z) = ¢(2)I'U(z,0)¢(0)

/Blue, red, green data correspon
tov 1.7,2.15, 2.6 GeV.

/Five sourcesink separations:
0.60, 0.72, 0.84,0.96, 1.0&

/Ground state extraction [1] from
left to right: all, largest 4, 8
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Renormalization

ALinear divergence of quark quaé®DF [1] can be renormalized by Wilson
line seltenergy [27]

MMultiplicative renormalizability to all order in coordinate space [8,9]

MANonperturbative renormalization [202] in RI/MOM scheme [13]
Matching between RI/MOM qua$iDF and 3PDF [14,15].
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RI/MOM Scheme Or(2) = §(2)TU (2, 0)e5(0)

AThe quantum corrections of quaBDF matrix element in an eshell
quark state vanish at a given momentum

<p7 S‘O’Yt (Z)‘p, 8)
<pa S‘O’Yt (Z) ‘pn S>tree

Z(z,p% a™ pur) =

R
Pz = 29?

AThe subtraction point is specified by two scédlesandr) .
/AThe RI/MOM quadPDF is obtained by

~

hR(Z, PZapfa l’LR) — Z_l(Z,pf, a_la /JJR)E(Za PZ: a’_l)

)_21130<
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where h(z, P,,a™! P|O4:(2)|P) IS the bare matrix element.



Renormalization Constant
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Renormalized M.E.
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Fourier Transformation

/Regular FT:

. dz . ~
QR(ﬂfaPz,pfa/iR) = P, % eza:Pzth(Z’Pijf’”R)
/Derivative method [1]:
N +Zmax dZ ZeZCUPzZ _
i) = | 0.hnl2)
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/EquivalenttosefQ (&) Q@  ifla &

A "Q(Q) is consistent with zero fd| p v @nd we taked ¢ 1h



FT with Derivative Method
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Matching

/Factorization
3 dy r  yP, yP, M? Agep
PZ R C , 9 9 O b
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MMatching coefficient r— 2 /pF
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C (m, D= p_z) =0(1l —x)+ [fl,mp (ZE,pz)
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AThe generalized plus function

/ dz [h(x)]., g(x) = / dx h(z) [g(z) — g(1)]



Matching in Landau Gauge [1]
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